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A STUDY OF THER SEPARATION AND MEASUREMENT OF 
THE HEAVIER RADIOACTIVE RARE EARTHS 


JOHN DODGE SERVIS 
B. 8. A., University of Florida, 1939 


Department of Physics 
(approved by W. L. Pool) 


In the heavy rare earth region a new radicactive isotope of 
erbium, Erló5, has been produced by proton bombardment of high-purity 
bolmium oxide in tha Ohio State University cyclotron. The radiations 
have been studied by electrometer, magnetic counter, and absorption 
curve methods, and found te consist ef electrons, x, and gamma radia- 
tion of a ten-hour half life. 

As part of the research, a method for the rapid separation 
of the yttrium group rare earths through the use of chromatographic 
elution in a synthetic, cation exchange, resin column with acid amon- 
ium citrate solution and radioactive tracer technique has been 
developed and described. 

Fast neutron bombardment of high-purity samples of terbium 
oxide have failed to reveal an approximate 3.9-hour half life for the 
terbium isotopes, لام‎ er m160, 

Verification data have been provided for the radioactive 
isotopes of holmium as a result of proten bombardment of pure dyspre- 
sium oxide and deuteron bonberdments of pure holnium oxide. 
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A STUDY OF TRE SEPARATION ANO MEASUREMENT OF 
THE HTAYI?R RADIOACTIVE RARE EARTHS 


INTROTMCTION 


The aost desireble target material in cyolotron bombard- 
ments is the elemental metal because of its ease of manipulation and 
inherent purity. Because of the scarcity of chemical methods for 
the production of rare earth metals, the rare earths necessarily must 
be bonbarded as an oxide. This practice introduces a positron تع‎ 
activity of 1.8 hours in all bombardments with deuterons and protons. 
Individual rare earths as furnished by the distributors contain 
minute quantities of yttriue. This minute quantity of impurity be- 
cause of largo cross section for deuterons and neutrons introduces 
a negatron YÜ aetivity of 2,6 day half life which largely obscures 
the remaining rare earth activities. In addition, proton bombardment 
of yttrium produces a 3.3 day Zr°? positron activity which obscures 
measurements ef the rare earths containing this impurity. Also 
found in the commercial distributors samples are trace amounts cf 
calcium. High cross sections for alpha particles ie a characteris- 
tie of this impurity. is a result, a 3.92 hour positron, gauma 
activity of Sell is formed in the alpha bombardzents of the rare 
earths. 

Measurement of rare earth radicactive characteriatics thus 
involves complete purification of individual rare earths prior tos 
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or imediately aftar, bonbardnent. Chenisel treaeteent of the rare 
earth sazples prior to bonbardnant is attondənt vith difficulties 
because of the presence ef trace impurities in the chemical re- 
agents ccoaonly used in the laboratory, Thus, while aesomplishing 
purification of the rare earths, the trace impuritiss of the reagents, 
when activated, may ecapletely obscure the rare serth sample activity. 

The purification by separation of the radioactive rare 
earth activities after bombardasnt is considered more satisfactory, 
singe this method lends itself to radiochemical measurement, a much 
more sensitive method than ordinary cheaical technique. A disadvan- 
tage of this method is the lose of activity due to chenical treat 
ment and decay of the sample during the time of separation. 

This paper, therefore, presents a rapid method for the 
separation of the rere earths and contaminant activities commonly 
found in the trace lupurities of rare earths supplied by commercial 
laboratories and, secondarily, extends the knowledge cf the radio» 
active properties of Br45, 160, and the holaium isctopes. 
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HISTORICAL REV LES 





As a result of the radiclogical safety program of the Mane 
hattan Project (1943-1945), 1t became necessary te isolate the major 
fission species in the ferns, perities, ani amounte necessary for 
the solutien of the radictexicelogical problema inherent in the quan- 
tity production of pluteniun, In the research that followed, it vas 
found that over thirty of the fissien producte were menbers of the 
rare earth family (isetepes of yttrium and the group lanthamm through 
europium). The characterisation of these rare earths presented very 
difficult problems that were solved only with the intensification of 
fon exchange methods originally developed by G. E, Boyd and his سوو‎ 
workers (6) and applied to the rare earth field by Cohn and his سوو‎ 
workers (1) , In this paper, Cohn presented the successful separation 
of the rare earth sequence praseodyalus, neciyalun, and element 61 
(promethiun). Continmanes of this work at the Clinton Laboratories 
led to the discovery that most of the ions of zirconium, columbium, 
ariwa, yttrium, bariwm, strontium, and iodine could be eluted selaö- 
tively from the organic resins of Boyd by te use of complexing 
agents, such as ameenius citrate, aazonium oxalate, or ammonium tar 
trate, under controlled gü conditions(1), 

In the meantime, Y. H. Spedding and his group at Iowe State 
College were developing a method for the separation of maero quanti- 
tios of the rare earths by Lon exchange. They reported the satisfac- 
tory separation of ceriwa and yttrim(2) ; nsodyalun and praseotyni us 2), 
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Later contributions of the Clinton National Laboratory were 
the separations of several rare earths of the gerium and yitríium 
groups by ion-exchange resins (5: 6, n, and the theeretical studies 
of the reactions of the rare earth complexes (5 9; 10), mis led 
to further modification of ion=exchange technique of shorter columns 
and nore rapid separation rates(llə 12), 

These developments enabled Hicks and Hilkinsen(i Ue 15 16) 
at the Crocker Radiation Laboratory of the University of California 
to institute sycletron bombardments of the rare earth elements with 
confidence in the speed and certainty of cheaical identification. 
They were able te maks a series of studies of the neutron-deficient, 
radieactive isotopes of neodymium, promethiua, terbium, holmium, 
thulium, hafnium, tantalum, and rhenlua tireugh the use of ion- 
exchange separations, following cyclotron bombarduents employing 
heliua ions, deuterons, protons, or fast neutrons. Latest develop- 
ments at the sane laberatery have been the characterisation of the 
neutronedeficisnt, radioactive isotcpes of cerium, praseodymium, and 
neodyai ua (17), 

Hicks and Wilkinson") in their series of studies bombarded 
very pure dysprosius oxide with 38 Mev alpha particles, and the rare 
earth elements were subsequently chemically separated by the ion= 
exchange, resin-column method, The erbium fraction was found te 
contain an sotivity whose decay gave a half life of approximately 11 
hours. Absorption measuroments showed the radiations te consist 
mainly of electromagnetic radiations corresponding te the average 
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energie: of holmium L and K x«radiation 7.2 and 52 Kev; respes= 
tively; hard gamma radiation of 1.1 Mev energy; and very soft 
electrons of total range approximating 10 ng/ex® aluaimm in very 
low yield. Since no ll-how activity was detected in the eoluma 
separated erbium fraction from holmium bombarded with 19 Mey 
deuterons, allocation of the ll-hour activity was made to Rrl63, 
No proton bembardaents cf bolmiua were mentioned in this study. 

Also included in their series of studies were the neutron= 
deficient, radicactive isotopes of holmium whieh were prodused by 
alpha-particlə bombardment of terbium and by proton and deuteron 
boabardnent of dyspresium. They reported a 34-minute, a& h.Ó-hour, 

& 5.2-day, and a 65-day activity as a result of dysprosium bombard- 
ment with protons. The allocation of the 22.5-ainute, h.6-hour, 

and 65-day holmium activities to masses 160, 161, and 142, respece 
tively, was made on the basis of yields in bombardaents of terbiun 
with 38, 30, and 19 Mov alpha particles. The 5.2-day activity was 
allocated to mans 163, since it was not observed in alpha-perticle 
bemhardmente of terbium, or in fast-nsutron bombardaente of holnlum, 
but was formed in yields approximately the same as the other isotopes 
in proten bombardments of dysprosium. 

Buteuent(18) pas resently reported a 10 Nav proton beaberd- 
nent of holmium oxide of over 99.97% purity and a resulting activity 
in the erbium fraction whieh consisted solely of elestronagnetie 
radiation with a half life of 10 20.1 hou. This was measured as 
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holaium X-rays, and the activity was, therefore, attributed ما‎ 
hola RYS; 


X capture in ErlÓó, formed in the reaction 
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Banbardmenta 





In most eases, ten to twantpefire milligram saaples ef the 
rare earth oxides wers benberded Сп ајлајлаа interceptor targets 
placed in the beam of the Ohio State University cyeletron. The finely 
powdered oxide was placed in the well of the target, heated to a 
temperature of 500 degrees Centigrade, and then lightly pressed price 
to bombardments. Targets were covered with .0035-ineh alusicum foll 
just before target mounting. Bombardwente were made with 7.) Mev 
protons, 10 Kev deuterons, and 20 Mev fast neutrons for periods 
ranging frea five minutes to seven hours, 

Fast—-neutron benharduente were nade on twenty-five allli- 
gran samples of the oxides in small plastic capsules. The capsule 
wes placed in a copper target mounted behind a copper target well, 
containing lithium, The target assembly was than placed in the bean 
of 10 Hov deuterons and the fast neutrons obtained from the Li (dyn) 
Be reaction, In this type of bomtardnent, it was necessary to include 
a capsule without sample in erdar to deteraino the sapsule activity 
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One of the most difficult processes in the field of ohenis- 
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try has been the separation of the rare earths from sach other inte 
their pure states. Their chesical and physical properties are so 
similar that a single operation only enriches one component. Since 
1945, a number of researeh workers have reported studies on the appli- 
cation of ohromateographic and ion-exchange methods to the separation 
ef the rare earths(l, 2; 3s h, 5, 6, 8» 9), most successful rare 
earth separations ef these reported involved the adsorption of rare 
earths on organie resing and sabsequent elution with coaplexing agente, 
such as citrie acidamzonium citrate solution at controlled pi. The 
marked success of the processes described depends on the fact that 
the rare earths fora complexes with ihe citrate ions. If the pH is 
suitably adjusted, competition is set up for the rare earth ions 
between the citrate ecaplexes and tue sotive centers of the resin, 

Aa the citrate solution washes thae rare sartis down هنا‎ column, each 
rare earth ien is adsorbed and desorbed many times. The varlinee of 
equilibrium constanla of the rare eartna-citrate couplexes accounts 
for the difference in the rate of travel down Che ccluza and thus 
leads to their seperation. 

The problem of seperation then becomes one of moving one of 
the rare earth caticns cut of a narros adsarption band at the top of 
the column at a mere rapid rate than the others, so that most of it 
reaches the bottom ef the column before much of the second does. 
Attaining optimum separations involves the use of an oluting agent 
which will preferentially remove one component with minimum novenent 
of the others down the column. The reactions concerned in complex 
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elutien of rare earths may be considered as reactions of a cation 
A*** adsorbed on a resin coluen. When an ammonium citrate solution, 
at a pH which will barely support the formstion of a couples ions is 
passed through the column, M, * in the solution exchanges with A*** 
en the resin in accordance with the following reversible reactions 


Bu,” + A***(resin) «mo AO + Зин (еди) (1) 


The cation then enters into the further equilibrium: 
A*** + (citrate ion) €— A oitrate (2) 


The fraeticn of total At** found in the citrate complex is determined 
by the relative equilioriua Ocnstants of Reactions (1) and (2). 

The exchange reactions (1) take place a certain number of 
times in each unit length of column. Therefore, the closer tie 
approach to equilibrios conditions, the greater the number ef theoret- 
Leal plates and degree of seperation. Laprovemeni in separation 
involves the finding Of conditions which lend themselves to the most 
rapid attainment of equiliorium conditions under the practical cone 
siderations of operation. Tne setting of optimum conditions is ea- 
sentially a balancing of the desire for longer eolunns, slower flow 
rates, finer resin particles, ani amall cation=tc=resin ratio against 
the desire for high yield aná spend. 

Combined with the date of Ketelle and Boyd(Ó), the resulte 
ef this research indicate a relative adsorbability of the rare earths 
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G4 > Tb > Dy > Y > Ho > Er > Tm > Yo > Lu 


This progression is in ihe saxo order as that of the erystal ionic 
radii. 

Oring to the very close siailarity of yttrium, dysprosium, 
and holmium, the triad Dy, (> ani Ho constitutes what may be taken 
as the most difficultly separable of all the rare earths. The yttrium 
subgroup ef the rare earths of terbiwm through lutecius correspends 
to the filling in ef the second seven electrons in the kf shell ef the 
atom, and a maximus similarity in both the relative radii and adsorb» 
ability is found with Yb and Lu, Exaxination of the data cf Estelle 
and Boydl6) and the relativo icnic redii of Bömmər indicatəs that 
cerium and praseoiymim aro the easiest to separate; and ytterbium 
and luteciu are the most diffieult, excepting for the seperation of 
the quasi rare earths yttrius anid dyaprosiua, 

Rapid coluan seperaticns necessary for the characterisation 
of short-lived activities in the region of dzeprosiu, holmiūns and 
erbium, therefore, only esnstitute an enrichaent of cna coaponent 
in tha presence of the ether activities. Yttrium with ite high 
aativities becomes the limiting factor in the speed of elution. 


Operation of the Column 


Colum separatinns were made using Dowex 507, a ayathe- 
tie eation exchange resin containing nuclear sulfonic acid groupe 
as the sele ion-estive group at any pl value. The resin was obtained 
fren the laboratories of the Dew Chemical Company ani was supplied 
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in the sodium form of sclleidal dimensions, This metorisl had a den- 
sity cf 1.5 gm/ml in the dry ferm and an effective neleeular weight 
ef 168. 

The preperaticn of the resin prior to use consisted of heat- 
ing the material to 100°F, with 1-1/2 volumes of hM mmenium chloride, 
cooling, and decantation threugh three cycles. This action was 
followed by eight washings with 2-1/2 volumes of distilled water. 
After cech wash, the supernetent and any fine meterial in it was dis- 
carded. 

The eluting agent euvloyed was 6.25 molar citric acid, ace 
curately adjusted te a pk 3.05 with ammonium hydroxide and protected 
against mold growth with 1/2% nhenol solution, 

The column consisted of a thin polystyrene tube, 0.3 centi- 
meter in thickness, l.i centimeter in internal diameter, and 20 centi- 
meter in length. The utilisation of a polystyrene colum in place 
of a longer glass colum, mentioned in the literature; permitted a 
more efficient survey of the movement of the radioactive rare earths 
through the column. The resin bed was 15 centimeter in lencth and 
was supported on a filter of glase wool. 

The eolwan apparatus (FirureD5) consisted of the resin bed 
(4), plsotie eolwan (B), and the flow-rate bottle which eontrols the 
rate of flow through the adjustment of hydrostatic head (G), The 
flow rate was adjusted te 0,25 mi/om? of column erea/sinste, This 
flow rate corresponded te six drops per ainute. 

The first step in operation after removing the rare earth 
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oxides from the alumimas target was to dissolve thie material in 

a miniaus of concentrated nitric acid, precipitate the hydroxides 
with ecncentrated ammonium hydroxide, ce-trifuge the selintien, dee 
cant the supernatant li;uíd, and wash tha precipitate. This procesa 
is repeated several times and the precipitate finally dissolved la 
nitric acid. The rare earth flucrides are precipitated Ny the addi- 
tion ef 5 og concentrated HP. These are removed by centrifugation 
and washed with distilled water. At this point, the contaminating 
activities are limited to the rare earths end scaniium. Тһе flnorides 
are then dissolved in a nitrie acid=boria acid solution (8-104 HNO, 
saturated with borie acid), and the complete cycle of purification is 
repeated again. The final hydroxides are dissolved in HCl, pH 1-1.5, 
and transferred to the ton of the ion-exchange resin seluan. 

This starting solution was first slowly passed throwh the 
column, causing the solute mixture to bo adsorbed at the top. The 
eluting solution was then passed through the colum at the specified 
rate, the effluent being monitored ^y means of a special apparatus 
consisting of a mica-windjowed, Oeiger-uuller tube mounted in a lead 
shield 0.5 inah in thickness en the sides ani 0.25 on the end facing 
the columen. A 0.33—ineh opening in the end plete was provided for 
scamming the effluent. The tube was attached to a counting rate 
meter and Esterline-ingur recorder. Py this means, it was possible 
to obtain a continuous record cf the beta and gemma onitters in the 
effluent cf the column, Fractions of the effluent were collected at 
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definite changes in activity and fractions containing more than twice 
beckgrouni activity were traveferred to evaporation dishes, evaporated, 
and ignited to 1400 degrees Fahrenheit in the electric furnace, The 
rare earth residue was then ex*racted with hot sitris acid aná the 
hydrozide precipitated «ith amacniuu hydrexide and dried under an 
infra-red lamp. 


Results in Column Separation 


Several preliminary rups were made with varlcus types and 
meshesise, ion-exchange material in an effort to determine optiaum 
flow rates, column lengths, and mesh size. The first preliminary 
ran was mede with a SO om x 1 om, Dowex 50, 60-mash sise coluan with 
a flow rate of 0.03 nl/ca?/ninute and a pi 3.05 ammonlum citrate 
solution at room temperature (13), mis experimental separation was 
found to be unsatisfactory from the time and coupleteness of separa» 
tion viewpoint. First activity appearance occurred in the terms of 
days end little differentiation was noted. 

The second experimontal run waa made with a JO em x 1/2 ca 
Ienez, 150-300-mesh size column with a flow rate of 1,0 ml/cm"/minute 
and a pH 3,05 aumonium citrate solution st a temperature of 100 
degrees Centigrada(6), this method was also considered unsatisfac- 
tery from the time and operational viewpoint, but separation of 
rttriua and circonium was sceomplished. This sepasstion rejuired 
thirty-six hours, but survey scanning of tha column indicated the 
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feasibility of using a much sherter column. Exaninstion of the scan- 
ning plot (Figure 1) indicated that satisfactory separation could 
have been obtained with a 15-em column in one-third of the tins. 
Bubble formation in the bed of column dus to the elevated tanperatwe 
indicated the need for room-temperature operation, 

During the first preliminary experinents, it had been noted 
that the rate of initial movement of the activities down tha column 
was proportional tc the initial adsorption technique, When initial 
adsorption occurred with ion-axehange material outside of ihe columa, 
as recommended by ticks (23), slow elution and seperation occurred. 
When initial adsorption was made in the upper-bed levels by the 
method of Tompkina(12), rapid elution was obtained. 

The third experissntal run results are shown in Figure 2, 
with the equipment and method previously described and illustrated 
in the Appendix. This curve represents the tine at which the four 
groups of activities, resultant from the four-hour devteron bombarde 
ment of 20 mg of terbium oxalate, 20 ne of holmiun oxalate, and 20 
mg of thulius chleride, sluted by amecniua citrate, passed the scan- 
ning tube and illustrates the degree of separation obtained. Yttrium 
feund ín the plot is the common contaminant cf the three materiale. 
This experiment reveals a rapid method of separation but could be 
improved upon to give more specific separation of the individual 
rare earths by decreasing the flow rate by one-half, 
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Radioactive Measurements 


After separation and recovery of the individual rare earth 
hydroxides, the saaples were mounted on smell cardboard "drag boxes” 
and eovered with O.002-1neh 2apon. liadiation characteristies were 
determined by means of lead, copper; and sluninwm absorptions of 
the radiations, and by half-life decay curves, Aluminum abserptions 
were taken in the aesepted manner, and the energy of beta particles 
was determined from the rango of electrons in aluminum, This range 
has been taken as the miniwea absorber thickness required fer total 
absorption. Lead absorptions wore utllised te determine the radia- 
tion half thickness in gm/om*, From this half thickness measure- 
ment, relative gamma-ray energies could be determined, Aluminum and 
copper absorptions were used io determine X-ray half thickness, 
absorption coefficlente, and wave lengths, 

Measurements were made with end-on, Gelger«ifaller tube 
counters which had j mg/em mica windows and were filled with 10 
em argon and 1.0 en alochol, Variations in counter efficiency 
were taken into acsount by the ase of a cobalt standard. The 
scaling circuit used was the conventional type, scale of 6h. A 
erude beta-ray spectrometer of low resoluticn enabled the distine= 
tion of positive ant negative electrons. 

Meapurenents vere also made with a Wulf, mifiliar 
electrometer, an ionization chamber containing freon gas under twenty 
atmospheres! pressure. Radistiens entered the ionisation chaaber 
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ibrough an aluminum foil ef 20 sg/em^. Direetly over the electron- 
oter ҹаз an elecirosagnei arrangenent by which charged particles 
could be deflected away from the icnisation chauber and eloctronag- 
netio radiations alone measured. Ganma radiation decays were 
measured by insertion of 1/4 inch of aluminum between activated 
sample and ion chamber. 


Kolnlun Isctopes 


In an effort to verify the activities of tas radioactivo 
isotopes cf holmium, short and long bombardaents of dysprosium 
oxide with protons were coupled with deuteren bomberduents of 
holaius. The literature to date lists six known, radioactive 
isotepes (25: 20) as listed on the following page, amd ene stable 
isotepe 1007 pure sel, 

The first experimental bonbardsent was a 10 Mev deuteron 
bombardment of 85-minute duration on a sample of holmiun oxide 
prepared by Dr. J. K. Marsh of Oxford for adan Kilger, Ltd., Labora- 
tory Wo. 121/25. This sample was considered to be remarkably pure 
for holuium, as it contained 2% dysprosiwm and only traces of 
yttrium, caloium, and nagnəsius, 

Moasuremert of the rəsultant total activity through eight 
half lives on the Nulf electrometer revealed a 27-nour half life 
consisting of a 1.75 Mev BW particle, and a .95 Mev gamma ray 
(Figure 6). This is in agreement with values previously mentioned. 
Electromagnetic radiation decay was in accord with that of the total 
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Six Enewn Radioactive Isotopes 
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activity measured. The reaction predominant in tae benbardnent was 
Bo165 (а,р) molÓ6, me visible evidence of an Nol6Ś (d,2n) 5 
reaction could be noted. 

The second experimental bombardnent was a Toh Kev proten 
bombardment of 20-minute duration of a sample of dysprosiua oxide 
prepared by Dr. Prandtl of Munich for Adam Hilger, Ltd., laboratory 
Изә 6102, This sample was of extreme purity as it contained only 
traces of calcium, gadolinium, and praseodyaium. 

Measurement of the total activity through nine half lives 
on the Wulf electrometer revealed a complex decay curve which, upon 
analysis, indicated three activities of 19 minutes, 39 minutes, and 
1.8 hours. Absorption and magnetic counter measurements indicated 
the 1.8-hour activity es PIS produced by the OLŚ (pon) FIÊ reaction, 
The 19-minute and Jfeminate activities serrespond to the listed 
activities of Ro160 ana nolóh, 

Tho third bombardment was a 7.l Mev proton bombardaent of 
four hours! duraticn of the sample of thes second bomhardsent, 
Measurement of the total activity through eight half lives with the 
electroneter revealed a complex decay curve that indicated three 
activities of lı hours, 18 hours, and 7 days (Figure^) . Abserp- 
tion and electromagnetic radiation decay curves indicated these 
agtivities to be x and gamma radiation, The k=hour activity cor- 
responds tc Hol and the Today activity to Holf3, The 18-hour 
activity is not reported in the literature and may be due te the 
presence of gadolinium. 
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Terdiua Isotopes 


The literature of Hevesy, Levi, ani others (19) has 
reported a 3.9-hour activity in the isotope of terbim of mass 
number 160, This activity has been formed by a TDP (a, vy) 0 
reaction, Te substantiate this activity, a sample of caluan=saparated 
terbiun was obtained from the Oak Ridge National Laboratory. This 
sample was as pure as present chenical techniques ean provide and 
wae bombarded with fast neutrons for a period ef four hours ab m 
intensity of 20 Mev. Measurements of the resultant activity of 
capsule plus sample and capsule alone (Fizure 7 ) gave no indication 
ef a 3.9-hour activity as a result of either fast- or slow-neutron 
bonbardment, 


Erbium Isotopes 


The Bureau of Standarda (20) lists six stable isotopes of 
erbium of mass nuxsber 162, 16h, 166, 167, 168, and 170; and tre 
radioactive isotopes of mass number 160 and 171 with half lives of 
Şəh days and T.$ hours, respeetivoly. To date, there is ne listing 
fer the mass number 165, although examination of the isotope tables 
at higher and lower stonio numbers indicates the good probability of 
& radicactive isotope of moderate half life that desays by electro- 
magnetic radiation being existent at this number, 

To devele; this thought, a series cf bonbardsente was 
undertaken. A first experiment consisted of the deuteron bombard- 
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ment and measurement of Hilger Sauple No. 12125, mentioned under 
holmius isotopes. No new activity was observed in this activation 
as the ge 166 activity was predeninant. This finding is in agree~ 
ment with that of Hicks and Wilkinaon(16), 

The second step wes the bombardment of Sample No. 5 
with Tel Mev protens for a period of four hours. Sealer, magnetic 
electrometer and absorption measurements through seven half lives 
revealed a new eleetreaganetice radiation desay half life of ten 
hours that corresponded to x and gamma radiation accoapanied by a 
weak electron emission (FigurelO). Thin aluminum absorption 
piotured an electron end point corresponding to 50 пајда? or 0.22 
Mev energy. Lead absorption data gave a half thickness ef 7600 
ng/m, which, when corrected, corresponds to a gomma energy of 
0.65 Mev (Figureli). The activation of impurities was indicated 
by the presence of long decay periods in the electron ani gamma 
decays. 

A third step in the development was the six-hour proton 
bombardment of a sample of golumn-separated holniun oxide obtained 
from the Oak Ridge National Laboratory. Although of extrene 
purity, only thirteen milligrams were available, ani, consequently, 
limited the amount of activity available for abserption measure- 
mente. Exact purity of the sample was unknown and thus gave rise 
to doubt as to the identification of the longer half-life activity 
present in the semple after the expiration of the ten-hour elsetron, 
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x, and qamna radiation were in agreement with the findings of the 
second experiment, Thin aluminum absorption measurement gave an 
electron end point of SO mg/ex® (Figure 12). Load absorption 
measurements were inconclusive because of the weak intensity of 
radiation. The ratio of the intensity of the ionisation by the 
beta rays to that by tha gamma raya was approximately 10 to 1, which 
gerresponds to an emissien of about ten gama rays per electron. 
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CONGLUS TONS AND SUMMARY 


1. Rare earth lens can be separated from one another 
through the use of ion-exchange columns, but complete separation 
of these lona cannot be accompl'shed in less than trelve hours, 
This msthed of chrematorranhia elution in a Dowex 50, Lone 
exchange column oan be adapted tc remove contaminating activities 
other than the rare earths ani to separate the lighter and hesvier 
rare earthe in less than twelve how's. 

Refinement of the factors of separation (flow rate, 
elution solution, and column length) ean lead to complete sepera- 
tion of rare sarths as target materials prior to boabardment. 


2. Scons of the radioactive isotopes cf holmim heve been 
measured and activities found that correspond to the 20-minute half 
life of Mass No. 160; heG~hour half life ef Mase No. 1613 T=day 
half life of Mass No. 163; 39-minute half life of Mase No. 16h; and 
27-hour half life that correspcnds to Mass Fo, 166, 


3. The stable isotope of terdium has been bombarded with 
neutrons in an effort to determine the presence of n 3,9-hour half 
life In the terbiun isotope of Mass No. 160. Mo comparable activity, 
as mentioned in the literature(19), could be distinguished. The 
conclusion le that me 3.9-hour activity exists in the isotopes of 
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the proton beabarduent of high—ourity samples of holuium oxide. 
This radioactíve isotepe ErlÓ5 decays by electron, x, an‘ gamma 
radiation with a ten-hour half life and electron energy of 0.22 
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